Introduction
Cellular and molecular studies implicate modulation of synaptic strength as the basis of learning and memory [1] [2] [3] [4] [5] . Changes in synaptic strength occur via a wide range of mechanisms that act at the level of the presynaptic neuron (e.g. direct modulation of release process and subsequent changes in amount of neurotransmitter released) or at the level of the postsynaptic neuron (e.g. modifications in function and/or number of neurotransmitter receptors) ( Figure 1a ). However, it is now clear that different forms of learning and patterns of neuronal activity also produce diverse and widespread nonsynaptic changes by modulating membrane components, including resting and voltagedependent channels and ion pumps, which are often expressed as changes in excitability (Box 1; Figure 1b) . Despite the growing number of studies reporting nonsynaptic changes, several aspects of this form of plasticity remain elusive. What is its relationship to synaptic plasticity and what is its functional relevance? Are nonsynaptic changes part of the engram (see Glossary) itself or do they act as a permissive mechanism to facilitate synaptic mechanisms? How can nonsynaptic changes achieve high degrees of specificity similar to those expressed by synaptic modifications? Here we review selected examples of early and more recent evidence of learning-and activityinduced nonsynaptic changes and we discuss their potential relevance.
Changes in excitability produced by learning
Although the role of synaptic changes in learning dates back to Ramón y Cajal [6] and Tanzi [7] , data supporting both the role of synaptic and nonsynaptic changes began to emerge in the 1970 s and 1980 s. The breakthroughs
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Glossary
Associative learning: refers to the formation of an association either between two stimuli (i.e. classical conditioning) or between a behavior and a stimulus (i.e. operant conditioning). Classical conditioning: is the ability to associate a predictive stimulus with a subsequent salient event. In classical conditioning procedures, a novel or weak stimulus (conditioned stimulus, CS) is paired with a stimulus that generally elicits a reflexive response (unconditioned stimulus and response, respectively, US and UR). After sufficient training with contingent CS-US presentations (which might be a single trial), the CS becomes capable of eliciting a response (conditioned response, CR), which often resembles the UR (or some aspect of it). Delay conditioning: is a classical conditioning procedure in which the US occurs during the presentation of the CS. Engram: is synonymous with memory trace and indicates the physical representation of a memory. Extinction: is an active process, by which a conditioned response becomes suppressed during repetitive presentations of the CS alone. Fear conditioning: is a form of classical conditioning in which an animal learns to express fear in response to a neutral stimulus (e.g. a tone; CS) after the stimulus is paired with an aversive event, such as an electrical shock (US). Habituation: is defined as the gradual decrease of a behavioral response to a weak or moderate stimulus that is presented repeatedly. Following habituation, the response might be restored to its initial state either passively with time (i.e. spontaneous recovery) or with the presentation of a novel stimulus (i.e. dishabituation). Nonassociative learning: refers to a behavioral change that occurs in response to a single stimulus or to two stimuli not temporally related. Habituation and sensitization are two examples of nonassociative learning. Operant conditioning: is a type of associative learning in which a behavior of an animal is followed by delivering either a desirable or an aversive stimulus, arranged by the experimenter. The desirable stimulus (e.g. food) will typically increase the future occurrence of the behavior (a process called positive reinforcement). An aversive stimulus (e.g. a noxious electric shock) will tend to decrease the future probability of the behavior (a process called punishment). A behavior can also be reinforced when it becomes contingent with the removal of an aversive stimulus from the animal's environment (i.e. negative reinforcement). Thus, through the processes of operant conditioning an animal learns the consequences of its behavior. Population spike: is the signal representing the summation of the evoked action potentials in postsynaptic neurons. LTP procedures can increase the amplitude of the population spike because more postsynaptic neurons are activated. Sensitization: is defined as the enhancement of a behavioral response elicited by a weak stimulus following another usually noxious stimulus. Sensitization can also develop in response to a moderate stimulus that is presented repeatedly at relatively short intervals. Trace conditioning: is a classical conditioning procedure in which an interval (the trace) is imposed between the CS offset and the US onset. Following trace conditioning, an animal can learn to time its response to the CS according to the duration of the trace interval imposed between the CS and the US. 
